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POWER TRANSMISSION APPARATUS FOR
A VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2018-0068336, filed 1n

the Korean Intellectual Property Oflice on Jun. 14, 2018, the
entire contents of which are incorporated herein by refer-
ence.

FIELD

The present disclosure relates to a power transmission
apparatus for a vehicle.

BACKGROUND

The statements 1n this section merely provide background
information related to the present disclosure and may not
constitute prior art.

Advanced car makers have focused their energy on the
development of an environmentally-friendly vehicle to
achieve environmental and fuel efliciency regulations.

An clectric vehicle (EV) or a hybnid electric vehicle
(HEV) that utilizes electrical energy, or a double clutch
transmission (DCT) improving efliciency and convenience
ol a transmission may be examples of such future vehicle
technology.

The double clutch transmission (DCT) includes two
clutches devices and a gear train of a basically manual
transmission, selectively transmits a torque input from an
engine to two input shafts by using the two clutches devices,
and outputs a torque shifted by the gear train.

Such a double clutch transmission (DCT) attempts to
compactly realize a multi-stage transmission of more than
five speeds The DCT achieves an automated manual trans-
mission (AMT) that removes the inconvenience of a manual
shifting of a driver, by controlling two clutches and syn-
chronizing devices by a controller.

In comparison with an automatic transmission using plan-
ctary gears, we have discovered that such a DCT shows
merits, such as higher efliciency 1 power delivery, easier
modification 1n revising or adding parts 1n order to achieve
more shift-stages, etc., and thus gathers more spotlight since
it can more comiortably conform with fuel consumption
regulation and efliciency 1n achieving more shift-stages.

The above mnformation disclosed in this Background
section 1s only for enhancement of understanding of the
background of the disclosure and therefore it may contain
information that does not form the prior art that i1s already
known to a person of ordinary skill in the art.

SUMMARY

Further areas of applicability will become apparent from
the description provided herein. It should be understood that
the description and specific examples are intended for pur-
poses of illustration only and are not intended to limit the
scope of the present disclosure.

The present disclosure describes a power transmission
apparatus for a vehicle having advantages of simplified
configuration, enhanced durability, improved 1nstallability,
and enhanced fuel consumption characteristic.

A power transmission apparatus for a vehicle may
include, first, second, and third input shafits, first and second
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2

torque mediating shaftts, first and second intermediate shatts,
first and second preliminary shifting sections, and a com-
pound shifting section. The first input shait may receive an
input torque. In some cases, the first input shatt may always
receive an input torque, or may receive a constant input
torque. The second input shait may be formed as a hollow
shaft, coaxially and exteriorly disposed with the first input
shaft without rotational interference, and selectively con-
nected with first mput shaft. The third input shait may be
formed as a hollow shaft, coaxially and exteriorly disposed
with the second 1nput shaft without rotational interference,
and selectively connected with first mput shaft. The first
torque mediating shait may be formed as a hollow shatt and
coaxially and exteriorly disposed with the first mnput shaft
without rotational interference. The second torque mediating
shaft may be formed as a hollow shaft and coaxially and
exteriorly disposed with the first torque mediating shaft
without rotational interference. The first and second inter-
mediate shafts and an output shaft may be respectively
disposed 1n parallel with the first mput shait. The first
preliminary shifting section may receive a torque through a
first mput gear set externally gear-meshed with the third
input shaft, selectively shift the recerved torque by gear
ratios of first and second shifting gear sets, and output the
shifted torque. The second preliminary shifting section may
include a first planetary gear set having three rotation
clements including a first sun gear selectively connected
with the first input shaft, and outputting a torque among a
forward torque, a reverse torque, and a stationary torque by
operating the first planetary gear set;

The compound shifting section may include a second
planetary gear set having three rotation elements including
a second sun gear fixedly connected with the output shaft,
forming an output torque by a torque received from the
second mput shaft through a second input gear set and
torques received from the first and second preliminary
shifting sections, and outputting the output torque through
the output shatt.

The first input gear set may include a first input drive gear
and a first input driven gear, the first input drive gear being
fixedly connected with the third input shaft, the first input
driven gear being fixedly connected the first intermediate
shaft and externally gear-meshed with the first input drive
gear. The first shifting gear set may include a first shifting
drive gear and a first shifting driven gear, the first shifting
drive gear disposed coaxial with and exterior to the first
intermediate shaft without rotational interference, the first
shifting driven gear fixedly connected the second interme-
diate shait and externally gear-meshed with the first shifting
drive gear. The second shifting gear set may include a
second shifting drive gear and a second shifting driven gear,
the second shifting drive gear disposed coaxial with and
exterior to the first intermediate shaft without rotational
interference, the second shifting driven gear fixedly con-
nected the second intermediate shaft and externally gear-
meshed with the second shifting drive gear.

The first shifting drive gear and the second shifting drive
gear may be selectively connected with the first intermediate
shaft by a first synchronizer.

A gear ratio of the first shufting gear set may be used for
the forward first speed and the forward seventh speed. A gear
ratio ol the second shifting gear set may be used for the
forward third speed and the forward fifth speed.

The first planetary gear set of the second preliminary
shifting section may include a first ring gear, a {irst planet
carrier, and the first sun gear. The first ring gear may be
fixedly connected with the second torque mediating shaft.
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The first planet carrier may be fixedly connected with the
first torque mediating shaft. The first sun gear may be
selectively connected with the first input shaft and the
transmission housing, respectively. The first torque mediat-
ing shait may be externally gear-meshed with the second
planetary gear set. The second torque mediating shait may
be selectively connected with the first torque mediating
shaft. The second torque mediating shait may be selectively
connected with the transmission housing.

The second torque mediating shaft may be selectively
connected with the first torque mediating shaft and the
transmission housing via a second synchronizer.

The second planetary gear set of the compound shifting
section may 1nclude a second ring gear, a second planet
carrier, and the second sun gear. The second ring gear may
receive torques from the first and second preliminary shift-
ing sections through a third shifting gear set. The second
planet carrier may receive a torque from the second input
shaft through the second input gear set. The second sun gear
may be selectively connected with the second ring gear and
fixedly connected with the output shait so as to act as an
output element.

The second mput gear set may include a second input
drive gear and a second 1nput driven gear, the second 1nput
drive gear fixedly connected with the second input shatt, the
second mput driven gear fixedly connected with the second
planet carrier and externally gear-meshed with the second
input drive gear. The third shifting gear set may include a
third shifting drive gear, an intermediate gear, and a third
shifting driven gear, the third shifting drive gear being
fixedly mounted on the first torque mediating shaft, the
intermediate gear being fixedly mounted on the second
intermediate shaft, the third shifting driven gear being
fixedly formed on the second ring gear and externally
gear-meshed with the third shifting drive gear and the
intermediate gear respectively.

A gear ratio of third shifting drive gear and the third
shifting driven gear may be used for the forward second
speed and the forward sixth speed.

The power transmission apparatus may further include
four clutches each selectively connecting a corresponding
pair of rotating members, and a brake selectively connecting
a rotating member to the transmission housing.

The four clutches may include a first clutch arranged
between the first mput shaft and the third mput shait, a
second clutch disposed between the first input shaft and the
first sun gear of the first planetary gear set, a third clutch
arranged between the first input shaft and the second 1nput
shaft, and a fourth clutch disposed between the second ring
gear and the second sun gear of the second planetary gear
set. The brake may be disposed between the first sun gear
and the transmission housing.

The power transmission apparatus may further include a
motor/generator coaxially coupled with the first input shaft,
selectively connected with an engine output shaft through an
engine clutch, and selectively connected with the second and
third input shaits through respective clutches.

The power transmission apparatus may further include a
motor/generator disposed in parallel with the first input
shaft, a motor drive gear receiving a torque from the
motor/generator, a motor driven gear coaxially formed with
the first input shait, and an 1dle gear externally gear-meshed
with the motor drive gear and the motor driven gear respec-
tively. The torque from the motor/generator may be fixedly
delivered to the first input shait through the motor drive gear,
the 1dle gear, and the motor driven gear.
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The motor driven gear may be fixedly coupled with the
first input shaftt, selectively connected with an engine output
shaft through an engine clutch, and selectively connected
with the second and third mput shafts through respective
clutches.

The power transmission apparatus may further include
four clutches each selectively connecting a corresponding
pair of rotating members, and a brake selectively connecting
a shaft to the transmission housing.

The four clutches may include a first clutch arranged
between the first mput shaft and the third mmput shait, a
second clutch disposed between the first input shaft and the
first sun gear of the first planetary gear set, a third clutch
arranged between the first input shaft and the second 1mnput
shaft, and a fourth clutch disposed between the second ring
gear and the second sun gear of the second planetary gear
set. The brake may be disposed between the second inter-
mediate shait and the transmission housing.

A power transmission apparatus for a vehicle may enable
shift-stages of nine forward speeds and one reverse speed by
applying two planetary gear sets and two synchronizers to a
dual clutch transmaission, and accordingly multi-stages may
be enabled with simpler structure and reduced weight,
thereby improving installability and fuel consumption.

A power transmission apparatus for a vehicle according to
second and third aspects may further employ one motor/
generator compared to the first aspect, and may enable
driving in an engine driving mode, a parallel hybrid mode,
and an electric vehicle mode, thereby further improving fuel
consumption.

Further, effects that can be obtained or expected from the
present disclosure are directly or suggestively described in
the following detailed description. That 1s, various eflects
expected from aspects of the present disclosure will be
described 1n the following detailed description.

DRAWINGS

In order that the disclosure may be well understood, there
will now be described various forms thereof, given by way
of example, reference being made to the accompanying
drawings, in which:

FIG. 1 1s a schematic view of a power transmission
apparatus for a vehicle;

FIG. 2 1s a shifting operational chart for a power trans-
mission apparatus for a vehicle;

FIG. 3 1s a schematic view of a power transmission
apparatus for a vehicle;

FIG. 4 1s a shifting operational chart for a power trans-
mission apparatus for a vehicle;

FIG. § 1s a schematic view of a power transmission
apparatus for a vehicle;

FIG. 6 1s a schematic view of a power transmission
apparatus for a vehicle; and

FIG. 7 1s a shifting operational chart for a power trans-
mission apparatus for a vehicle.

The drawings described herein are for illustration pur-
poses only and are not mtended to limit the scope of the
present disclosure 1n any way.

DETAILED DESCRIPTION

The following description 1s merely exemplary 1n nature
and 1s not mtended to limit the present disclosure, applica-
tion, or uses. It should be understood that throughout the
drawings, corresponding reference numerals indicate like or
corresponding parts and features.
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The drawings and description are to be regarded as
illustrative 1n nature and not restrictive, and like reference
numerals designate like elements throughout the specifica-
tion.

In the following description, dividing names of compo-
nents 1nto first, second and the like 1s to divide the names
because the names of the components are the same as each
other and an order thereof 1s not particularly limited.

FIG. 1 1s a schematic view of a power transmission
apparatus for a vehicle according to a first aspect.

Referring to FIG. 1, a power transmission apparatus
according to a first aspect includes first, second, and third
input shafts IS1, IS2, and IS3, first and second intermediate
shafts CS1 and CS2, first and second torque mediating shatts
TMS1 and TMS2, first and second preliminary shifting
sections F'11 and F12, a compound shifting section CT, and
an output shait OS.

The engine ENG as a power source may be realized as a
various kind of typical engines such as a gasoline engine or
a diesel engine that uses fossil fuel.

A power transmission apparatus according to a first aspect
realizes shift-stages of nine forward speeds and one reverse
speed. A torque of the engine ENG 1s shifted into a plurality
of fixed shift-stages i1n the first and second preliminary
shifting sections F11 and F12,

Selectively receiving a torque from the first and second
preliminary shifting sections F11 and FT12 and also selec-
tively receiving a torque from the engine ENG, the com-
pound shifting section CT shifts the received torques and
outputs an output torque through the output shatt OS.

The first, second, and third input shafts IS1, IS2, and 1S3
and the first and second torque mediating shafts TMS1 and
TMS2 are coaxially disposed,

The first and second intermediate shaits CS1 and CS2 and
the output shait OS are disposed 1n parallel with the input
shafts 1S1, IS2, and IS3 and the torque mediating shaits
TMS1 and TMS2. The torque of the engine ENG 1s trans-
mitted to the first and second preliminary shifting sections
FT1 and FT2 and a compound shifting section CT. A first
planetary gear set PG1 and first and second synchronizers
SN1 and SN2 are included in the first and second prelimi-
nary shifting sections F11 and FT2. A second planetary gear
set PG2 1s mncluded 1n the compound shifting section CT.

The first mput shaft IS1 1s fixedly connected with an
output shaft EOS (crankshaift) of the engine ENG. The {first
input shaft IS1 selectively transmits a torque of the engine
ENG to the first planetary gear set PG1 of the preliminary
shifting section FT.

The second mnput shaft IS2, being formed as a hollow
shaft, 1s disposed coaxial with and exterior to the first input
shaft IS1 without rotational interference, and selectively
connected with the output shaft EOS of the engine ENG. The
second mput shaft IS2 selectively transmits the torque of the
engine ENG to the compound shifting section CT.

The third input shaft IS3, being formed as a hollow shaft,
1s disposed coaxial with and exterior to the second input
shaft IS2 without rotational interference, and selectively
connected with the output shaft EOS of the engine ENG. The
third mput shaft IS3 selectively transmits the torque of the
engine ENG to the first intermediate shaft CS1 of the
preliminary shifting section FT.

The first torque mediating shaft TMS1 1s formed as a
hollow shait and 1s disposed coaxial with and exterior to the
first input shaft IS1. The second torque mediating shaft
TMS2 1s formed as a hollow shait and 1s disposed coaxial
with and exterior to the first torque mediating shaft TMS1
without rotational interference.

10

15

20

25

30

35

40

45

50

55

60

65

6

The first preliminary shifting section FT1 includes the
first and second intermediate shafts CS1 and CS2 and the
first synchronizer SN1.

The first intermediate shaft CS1 1s externally gear-meshed
with the third mput shaft IS3 through a first mput gear set
IG1. The second mtermediate shaft CS2 1s connectable with
the first intermediate shaft CS1 by an externally gear-
engagement, through first and second shifting gear sets TG1
and TG2.

The first input gear set IG1 1includes a first input drive gear
IDG1 and a first input driven gear IPG1. The first input drive
gear 1IDG1 1s fixedly connected with the third input shatt
IS3. The first input driven gear IPG1 1s fixedly connected
with the first intermediate shaft CS1, and externally gear-
meshed with the first input dnive gear IDGI.

The first shifting gear set TG1 includes a first shifting
drive gear TDG1 and a first driven gear TPG1. The first
shifting drive gear TDG1 1s disposed coaxial with and
exterior to the first intermediate shatt CS1 without rotational
interference. The first driven gear TPG1 may be fixedly
connected with the second intermediate shatt CS2, and
externally gear-meshed with the first shifting drive gear
TDGL.

The second shifting gear set TG2 includes a second
shifting drive gear TDG2 and a second shifting driven gear
TPG2. The second shifting drive gear TDG2 1s disposed
coaxial with and exterior to the first intermediate shait CS1
without rotational interference. The second shifting driven
gear TPG2 1s fixedly connected with the second intermediate
shaft CS2, and externally gear-meshed with the second
shifting drive gear TDG?2.

The first synchronizer SN1 1s disposed between the first
shifting drive gear TDG1 and the second shifting drive gear
TDG2, and thereby the first shifting drive gear TDG1 and
the second shifting drive gear TDG2 may be selectively
connected with first intermediate shait CS1.

The second preliminary shifting section FT12 includes the
first planetary gear set PG1 and the second synchronizer
SN2.

The first planetary gear set PG1 1s a single pinion plan-
ctary gear set, and includes a first sun gear S1,

a first planet carrier PC1 rotatably supporting a plurality
of first pinion gears P1 externally gear-meshed with the first
sun gear S1,

a first ring gear R1 internally gear-meshed with the
plurality of first pimion gears P1.

The first sun gear S1 1s selectively connected with the first
iput shait IS1 and selectively connected with a transmis-
sion housing H. The first planet carrier PC1 1s fixedly
connected with the second torque mediating shait TMS2.
The first ning gear R1 1s fixedly connected with the first
torque mediating shatt TMS1.

The second synchronizer SN2 1s disposed between the
transmission housing H and a third shifting drive gear TDG3
fixedly connected with the first torque mediating shaft
TMSI1, and the second torque mediating shait TMS2 is
selectively connected with one of the third shifting drive
gear TDG3 and transmission housing H.

Selectively connecting the second torque mediating shaft
TMS2 to transmission housing H means that the second
torque mediating shatt TMS2 may be selectively stopped.

The compound shifting section CT includes the second
planetary gear set PG2 and the output shait OS.

The second planetary gear set PG2 1s a single pinion
planetary gear set, and includes a second sun gear S2, a
second planet carrier PC2 rotatably supporting a plurality of
second pinion gears P2 externally gear-meshed with the
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second sun gear S2, and a second ring gear R2 internally
gear-meshed with the plurality of second pinion gears P2.

The second sun gear S2 1s selectively connected with the
second ring gear R2 and fixedly connected with the output
shaft OS thereby acting as an output element; in one form,
always acting as an output element. The second planet
carrier PC2 1s fixedly connected with a second mput driven
gear IPG2 and selectively receives the torque of the engine
ENG. The second ring gear R2 1s fixedly connected with the
third shifting driven gear TPG3 and selectively receives a
torque from the second synchronizer SN2.

The second planet carrier PC2 1s externally gear-meshed
with the second mnput shaft IS2 through a second imput gear
set 1G2. The second ring gear R2 1s externally gear-meshed
with the second intermediate shaft CS2 and the third shifting
drive gear TDG3 by a third shifting gear set TG3.

The second mput gear set 1G2 includes a second input
drive gear IDG2 and the second input driven gear IPG2. The
second mput drnive gear IDG2 1s fixedly connected the
second 1nput shait IS2. The second mput driven gear 1IPG2

1s fixedly connected with the second planet carrier PC2, and
externally gear-meshed with the second mput drive gear

IDG2.

The third shifting gear set TG3 includes the third shifting
drive gear TDG3, an intermediate gear CG fixedly con-
nected with the second intermediate shaft CS2, and the third
shifting driven gear TPG3. The third shifting driven gear
TPG3 1s fixedly connected with the second ring gear R2, and
externally gear-meshed with the third shifting drive gear
TDG3 and the intermediate gear CG.

Gear ratios 1n the first and second put gear sets 1G1 and
1G2, and gear ratios of drive and driven gears in the {first,
second, and third shifting gear sets TG1, TG2, and TG3 may
be appropriately set in consideration of transmission require-
ments.

According to a first aspect, 1n addition to gear ratios of the
first and second mput gear sets 1G1 and 1G2, the first shifting
gear set TG1 1s mvolved 1n forming a forward first speed
FD1 and a forward seventh speed FD7, the second shifting
gear set TG2 1s mvolved 1 forming a forward third speed
FD3 and a forward fifth speed FDS, and the third shifting
gear set TG3 1s involved 1n forming a forward second speed
FD2 and a forward sixth speed FD6.

Forward fourth, eighth, and ninth speeds FD4, FD8, and
FD9, and a reverse speed REV may be achieved by coop-
erative operation of the second preliminary shifting section
FT12 and the compound shifting section CT.

The output shaft OS 1s an output member, and delivers the
shifted driving torque recerved from the second planetary
gear set PG2 to a differential DIFF through an output gear
OG and a final reduction gear FDG.

In addition, four engagement elements of first, second,
third, and fourth clutches CL1, CL.2, CL3, and CL4 are
disposed between rotating members such as various shatts
and rotation elements of the first and second planetary gear
sets PG1 and PG2, and one engagement of a brake BK 1s
disposed a rotating member and the transmission housing H.

The five engagement elements of the four clutches CL1 to
CL4 and the brake BK are arranged as follows.

The first clutch CL1 1s disposed between the engine
output shaft EOS and the third mput shaft IS3 so as to
selectively connect the engine output shaft EOS and third
input shaft IS3.

The second clutch CL2 1s disposed between the first input
shaft IS1 and the first sun gear S1 so as to selectively connect

the first input shaft IS1 and first sun gear S1.
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The third clutch CL3 1s disposed between the engine
output shait EOS and the second input shait IS2 so as to
selectively connect the engine output shaft EOS and second
input shaft I1S2.

The fourth clutch CL4 1s disposed between the second
ring gear R2 and the second sun gear S2 (output shaft OS)
so as to selectively connect the second ring gear R2 and the
second sun gear S2 (output shait OS).

The fourth clutch CL4 enables the second planetary gear
set PG2 to integrally rotate.

The brake BK 1s disposed between the first sun gear S1
and the transmission housing H, thereby enabling the first
sun gear S1 to selectively act as a fixed element.

The engagement elements of the first, second, third, and
fourth clutches CL1, CL.2, CL3, and CL4 and the brake BK
may be realized as multi-plate hydraulic pressure friction
devices that are frictionally engaged by hydraulic pressure,
however, 1t should not be understood to be limited thereto,
since various other configuration that are electrically con-
trollable may be available.

The first, second, and third synchronizers SN1, SN2, and
SN3 may be formed as a known scheme, and the first,
second, and third sleeves SLE1, SLE2, and SLE3 applied to
the first, second, and third synchronizers SN1, SN2, and
SN3 may be operated by respective actuators (not shown)
that may be controlled by a transmission control unait.

FIG. 2 1s a shifting operational chart for a power trans-
mission apparatus for a vehicle according to a first aspect,
and the power transmission apparatus for a vehicle accord-
ing to a first aspect performs shifting operation as follows.

[The Reverse Speed]

In the reverse speed REV, as shown in FIG. 2, the second
torque mediating shaft TMS2 and the transmission housing
H are synchronously interconnected by the sleeve SEL2 of
the second synchronizer SN2, and the second clutch CL2
and the fourth clutch CL4 are operated.

Then, the torque of the engine ENG 1s 1nput to the first sun
gear S1 of the first planetary gear set PG1 through the first
input shaft IS1 and second clutch CL2 by the operation of
the second clutch CL2. In such a state, the second torque
mediating shaft TMS2 1s connected with the transmission
housing H by the operation of the second synchronizer SN2,
and thereby the first planet carrier PC1 acts as a fixed
clement.

Then, the first planetary gear set PG1 outputs a reverse
torque through the first ring gear R1, and the reverse torque
1s mput to the second ring gear R2 of the second planetary
gear set PG2 through the first torque mediating shatt TMSI1,
the third shifting drive gear TDG3, and the third shifting
driven gear TPG3.

In addition, the second planetary gear set PG2 integrally
rotates by the operation of the fourth clutch C4, and outputs
the reverse torque as mputted to the second ring gear R2,
thereby realizing the reverse speed REV and outputting a
shifted torque to the differential DIFF through the output
shaft OS.

| The Forward First Speed]

In the forward first speed FD1, as shown in FIG. 2, the
first shifting drive gear TDG1 and the first intermediate shait
CS1 are synchronously interconnected by the sleeve SLEI1
of the first synchronmizer SN1, and the first clutch CLL1 and
the fourth clutch CL4 are operated.

Then, by the operation of the first clutch CL1, the torque
of the engine ENG 1s input to the second ring gear R2 of the
second planetary gear set PG2 through the third input shaft
IS3, the first input drive gear IDG1, the first input driven
gear IP(G1, the first intermediate shaft CS1, the first shifting
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drive gear TDG1, the first shufting driven gear TPG1, the
second intermediate shaft CS2, the intermediate gear CG,
and the third shifting driven gear TPG3.

In addition, the second planetary gear set PG2 integrally
rotates by the operation of the fourth clutch C4, and outputs
the torque as mputted to the second ring gear R2, thereby
realizing the forward first speed FD1 and outputting a
shifted torque to the differential DIFF through the output
shaft OS.

That 1s, the forward first speed 1s realized by the gear
ratios of first input drive gear 1DG1, the first mnput driven
gear IPG1, the first shifting drive gear TDGI1, the first
shifting driven gear TPG1, the intermediate gear CG, and the
third shifting driven gear TPG3.

| The Forward Second Speed]

In the forward second speed FD2, as shown 1n FIG. 2, the
second shifting drive gear TDG2 and the second torque
mediating shait TMS2 are synchronously connected by the
sleeve SLLE2 of the second synchronizer SN2, and the
second clutch CL2 and the fourth clutch CL4 are operated.

Then, the torque of the engine ENG 1s input to the first sun
gear S1 of the first planetary gear set PG1 through the first
input shait IS1 and second clutch CL2 by the operation of
the second clutch CL2. In such a state, the second torque
mediating shaft TMS2 and the third shifting drive gear
TDG3 are interconnected by the operation of the second
synchronizer SN2, thereby enabling first planetary gear set
PG1 to mtegrally rotate, and a torque output from the first
planetary gear set PG1 1s mput to the second ring R2 of the
second planetary gear set PG2 through the third shifting
drive gear TDG3 and the third shifting driven gear TPG3.

In addition, the second planetary gear set PG2 integrally
rotates by the operation of the fourth clutch C4, and outputs
the torque as putted to the second ring gear R2, thereby
realizing the forward second speed FD2 and outputting a
shifted torque to the differential DIFF through the output
shait OS.

That 1s, the forward second speed 1s realized by the gear
ratios of third shifting drive gear TDG3 and the third shafting,
driven gear TPG3.

[The Forward Third Speed]

In the forward third speed FD3, as shown i FIG. 2, the
second shifting drive gear TDG2 and the first intermediate
shaft CS1 are synchronously interconnected by the sleeve
SEL1 of the first synchronizer SN1, and the first clutch CL1
and the fourth clutch CL4 are operated.

Then, by the operation of the first clutch CL1, the torque
of the engine ENG 1s input to the second ring gear R2 of the
second planetary gear set PG2 through the third input shaft
1S3, the first input drive gear 1IDG1, the first input driven
gear IPG1, the first intermediate shaft CS1, the second
shifting drive gear TDG2, the second shifting driven gear
TPG2, the second intermediate shaft CS2, the intermediate
gear CG, and the third shifting driven gear TPG3.

In addition, the second planetary gear set PG2 integrally
rotates by the operation of the fourth clutch C4, and outputs
the torque as iputted to the second ring gear R2, thereby
realizing the forward third speed FD3 and outputting a
shifted torque to the differential DIFF through the output
shait OS.

That 1s, the forward third speed 1s realized by the gear
ratios of the first input drive gear IDG1, the first input driven
gear IPG1, the second shifting drive gear TDG2, the second
shifting driven gear TPG2, the intermediate gear CG, and the
third shifting driven gear TPG3.
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| The Forward Fourth Speed]

In the forward fourth speed FD4, as shown 1in FIG. 2, first
and second synchronmizers SN1 and SN2 are in a neutral
state, and the third clutch CL3 and the fourth clutch CL4 are

operated.

Then, by the operation of the third clutch CL3, the torque
of the engine ENG 1s mnput to the second planet carrier PC2
of the second planetary gear set PG2 through the second
input shaft IS2, the second mput drive gear IDG2, and the
second 1put driven gear IPG2.

In addition, the second planetary gear set PG2 integrally
rotates by the operation of the fourth clutch C4, and outputs
the torque as inputted to the second planet carrier PC2,
thereby realizing the forward fourth speed FD4 and output-
ting a shifted torque to the differential DIFF through the
output shait OS.

That 1s, the forward fourth speed 1s realized by the gear
ratios of the second mput drive gear 1DG2 and the second

input driven gear 1PG2.
| The Forward Fifth Speed]

In the forward fifth speed FD3, as shown 1n FIG. 2, the

second shifting drive gear TDG2 and the first intermediate
shaft CS1 are synchronously interconnected by the sleeve
SEL1 of the first synchronizer SL1, and the first clutch CL1
and the third clutch CL3 are operated.
Then, by the operation of the first clutch CL1, the torque
of the engine ENG 1s partially input to the second ring gear
R2 of the second planetary gear set PG2 through the third
input shaft IS3, the first input drive gear IDG1, the first input
driven gear IPG1, the first intermediate shait CS1, the
second shifting drive gear TDG2, the second shifting driven
gear TPG2, the second intermediate shait CS2, the interme-
diate gear CG, and the third shifting driven gear TPG3.

In addition, by the operation of the third clutch CL3, the
torque of the engine ENG 1s partially input to the second
planet carrier PC2 of the second planetary gear set PG2
through the second input shait IS2, the second input drive
gear IDG2, and the second mput driven gear IPG2.

Then, the second planetary gear set PG2 receives different
torques through the second ring gear R2 and the second
planet carrier PC2. In this state, in comparison to the rotation
speed mput to the second planet carrier PC2, the rotation
speed mput to the second ring gear R2 1s smaller and thus the
second planetary gear set PG2 outputs an increased rotation
speed, thereby realizing the forward fifth speed FDS and
outputting a shifted torque to the differential DIFF through
the second sun gear S2 and the output shait OS.

[ The Forward Sixth Speed]

In the forward sixth speed FD6, as shown 1n FIG. 2, the
third shifting drive gear TDG3 and the second torque
mediating shaft TMS2 are synchronously interconnected by
the sleeve SEL2 of the second synchronizer SL2, and the
second clutch CL2 and the third clutch CL3 are operated.

Then, by the operation of the second clutch CL2, the
torque of the engine ENG 1s partially input to the first sun
gear S1 of the first planetary gear set PG1 through the first
input shait IS1 and the second clutch CL2. In such a state,
the second torque mediating shaft TMS2 and the third
shifting drive gear TDG3 are interconnected by the opera-
tion of the second synchromizer SN2, thereby enabling first
planetary gear set PG1 to integrally rotate, and a torque
output from the first planetary gear set PG1 is input to the

second ring R2 of the second planetary gear set PG2 through
the third shifting drive gear TDG3 and the third shifting

driven gear TPG3.

In addition, by the operation of the third clutch CL3, the
torque of the engine ENG 1s partially input to the second
planet carrier PC2 of the second planetary gear set PG2
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through the second 1nput shait IS2, the second 1nput drive
gear IDG2, and the second mput driven gear IPG2.

Then, the second planetary gear set PG2 receives diflerent
torques through the second ring gear R2 and the second
planet carrier PC2. In this state, in comparison to the rotation
speed 1nput to the second planet carrier PC2, the rotation
speed 1mput to the second ring gear R2 1s further smaller than
in the forward fifth speed, and thus the second planetary gear
set PG2 outputs a further increased rotation speed, thereby

realizing the forward sixth speed FD6 and outputting a
shifted torque to the differential DIFF through the second

sun gear S2 and the output shaft OS.

[The Forward Seventh Speed]

In the forward seventh speed FD7, as shown 1n FIG. 2, the
first shifting drive gear TDG1 and the first intermediate shaft

CS1 are synchronously interconnected by the sleeve SEL1
of the first synchronizer SL1, and the first clutch CL1 and the
third clutch CL3 are operated.

Then, by the operation of the first clutch CL1, the torque
of the engine ENG 1s partially input to the second ring gear
R2 of the second planetary gear set PG2 through the third
input shaft 1S3, the first input drive gear IDG1, the first input
driven gear IPG1, the first intermediate shait CS1, the first
shifting drive gear TDGI1, the first shifting driven gear
TPG1, the second intermediate shaft CS2, the intermediate
gear CG, and the third shifting driven gear TPG3.

In addition, by the operation of the third clutch CL3, the
torque of the engine ENG 1s partially mput to the second
planet carrier PC2 of the second planetary gear set PG2
through the second input shait 1S2, the second input drive
gear IDG2, and the second mput driven gear IPG2.

Then, the second planetary gear set PG2 receives diflerent
torques through the second ring gear R2 and the second
planet carrier PC2. In this state, in comparison to the rotation
speed input to the second planet carrier PC2, the rotation
speed 1mnput to the second ring gear R2 1s further smaller than
in the forward sixth speed, and thus the second planetary
gear set PG2 outputs a further increased rotation speed,
thereby realizing the forward seventh speed FD7 and out-
putting a shifted torque to the differential DIFF through the
second sun gear S2 and the output shaft OS.

| The Forward Eighth Speed]

In the forward eighth speed FD8, as shown 1n FIG. 2, the
second torque mediating shaft TMS2 and the transmission

housing H are mterconnected by the operation of the sleeve
SEL2 of the second synchronizer SL2, and the third clutch

CL3 and the brake BK are operated.

Then, the first planetary gear set PG1 becomes entirely
stationary since the first planet carrier PC1 1s stationary by
the operation of the second synchromzer SN2, and the first
sun gear S1 1s stationary by the operation of the brake BK.

Accordingly, the third shifting drive gear TDG3 fixedly
connected with the first torque mediating shatt TMSI1 1s
stationary, and therefore, the second ring gear R2 of the
second planetary gear set PG2 acts as a fixed element since
the third shifting driven gear TPG3 fixedly connected to the
second ring gear R2 1s stationary.

While the second ring gear R2 acts as a fixed element, the
torque of the engine ENG 1s input to the second planet
carrier PC2 of the second planetary gear set PG2 by the
operation of the third clutch CL3.

Then, 1n comparison to the rotation speed mmput to the
second planet carrier PC2, the second ring gear R2 1s
stationary and thus the second planetary gear set PG2
outputs a further increased speed than in the forward seventh
speed, thereby realizing the forward eighth speed FD8 and
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outputting a shitfted torque to the differential DIFF through
the second sun gear S2 and the output shait OS.

| The Forward Ninth Speed]

In the forward ninth speed FD9, as shown 1n FIG. 2, the
second torque mediating shaft TMS2 and the transmission
housing H are mterconnected by the operation of the sleeve
SEL2 of the second synchronizer SL.2, and the second clutch
CL2 and the third clutch CL3 are operated.

Then, by the operation of the second clutch CL2, the

torque of the engine ENG 1s partially mnput to the first sun
gear S1 of the first planetary gear set PG1 through the first
input shait IS1 and the second clutch CL2. In such a state,
the second torque mediating shaft TMS2 1s connected with
the transmission housing H by the operation of the second
synchronizer SN2, thereby enabling the first planet carrier
PC1 to act as a fixed element.

Then, the first planetary gear set PG1 outputs a reverse
torque through the first ring gear R1, and the reverse torque
1s mput to the second ring gear R3 of the second planetary
gear set PG2 through the first torque mediating shaft TMSI1,
the third shifting drive gear TDG3, and the third shifting
driven gear TPG3.

In addition, by the operation of the third clutch CL3, the
torque of the engine ENG 1s partially input to the second
planet carrier PC2 of the second planetary gear set PG2
through the second 1nput shait IS2, the second 1nput drive
gear IDG2, and the second mput dniven gear 1PG2.

Then, the second planetary gear set PG2 receives diflerent
torques through the second ring gear R2 and the second
planet carrier PC3. In this state, in comparison to the rotation
speed mput to the second planet carrier PC2, the second ring
gear R2 receives reverse rotation input, and thus the second
planetary gear set PG2 outputs a further increased speed
than 1n the forward eighth speed, thereby realizing the
forward ninth speed FD9 and outputting a shifted torque to
the differential DIFF through the second sun gear S2 and the
output shait OS.

FIG. 3 1s a schematic view of a power transmission
apparatus for a vehicle according to a second aspect.

Reterring to FIG. 3, 1n comparison with the first aspect, a
second aspect further includes a motor/generator MG as an
auxiliary power source such that a vehicle applied with the
power transmission apparatus may be enabled with dniving
in a parallel hybrid mode and 1n an electric vehicle mode.

The motor/generator MG may act as a motor and as a
generator, and includes a stator ST, which 1s fixed to the
transmission housing H, and a rotor RT rotatably supported
within the stator ST.

The motor/generator MG 1s disposed to be rear of the
engine ENG. The rotor RT 1s selectively connected with the
output shaft EOS of the engine ENG interposing an engine
clutch ECL, fixedly connected with the first input shaft IS1,
and selectively connected with the second and third 1nput
shafts IS2 and IS3 interposing the first and third clutches
CL1 and CL3.

When the engine clutch ECL 1s operated, a driving torque
of the engine ENG 1s mput to the power transmission
apparatus. In this state, a torque of the motor/generator MG
may also be applied, thereby enabling a driving mode of a
parallel hybrid driving mode, where both of an engine torque
and a motor torque are used for driving a vehicle.

When the engine clutch ECL 1s released, the torque of the
motor/generator MG may act as a sole power source, and a
vehicle may be driven in an electric vehicle mode (EV).

FIG. 4 1s a shifting operational chart for a power trans-
mission apparatus for a vehicle according to a second aspect,
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and the power transmission apparatus for a vehicle accord-
ing to a second aspect performs shifting operation as fol-
lows.

Referring to FIG. 4, when the engine clutch ECL 1s
operated, nine forward speeds and one reverse speed 1s
realized by the same operation of the clutches and the brake,
since the torque of the motor/generator MG 1s merely an
assistant torque to dnving a vehicle and does not aflect
shifting operation of a power transmission apparatus.

In the electric vehicle mode EV, the torque of the motor/
generator MG 1s used for driving a vehicle and does not
aflect shifting operation of a power transmission apparatus.
Therefore, nine forward speeds and one reverse speed 1s
realized by the same operation of the clutches and the brake.

FIG. 5 1s a schematic view of a power transmission
apparatus for a vehicle according to a third aspect.

Referring to FIG. 5, the thurd aspect differs from the
second form or aspect in that, while employing the motor/
generator MG as an auxiliary power source, the motor/
generator MG 1s disposed 1n parallel with the first, second,
and third input shaits IS1, IS2, and IS3, differently from the
second form where the motor/generator MG coaxially dis-
posed with the first, second, and third input shatts IS1, IS2,
and IS3.

In order to apply the torque from motor/generator MG, the
power transmission apparatus further includes a motor drive
gear MDG, a motor driven gear MPG, and an 1dle gear IDG
disposed between the motor drive gear MDG and the motor
driven gear MPG. The motor driven gear MPG 1s selectively
connected with the engine output shait EOS mterposing the
engine clutch ECL.

The motor driven gear MPG 1s fixedly connected with the
first mput shaft IS1, and selectively connected with the
second and third input shatts IS2 and IS3 interposing the
third and first clutches CL3 and CL1.

With this configuration, a vehicle may be driven alterna-
tively 1n a parallel hybrid driving mode or an electric vehicle
mode, depending on the operation of the engine clutch ECL.

A power transmission apparatus according to the third
aspect may realize the same shift-stages by the same opera-
tion of clutches and the brake as 1n the second form.

FIG. 6 1s a schematic view of a power transmission
apparatus for a vehicle according to a fourth aspect.

Referring to FIG. 6, a fourth aspect differs from the first
aspect 1n the location of the brake BK.

While the brake BK 1s disposed between the first sun gear
S1 and the transmission housing H 1n the first aspect, the
brake BK 1s disposed between the second intermediate shaft
(CS2 and the transmission housing H.

A power transmission apparatus according to the fourth
aspect realizes the same shift-stages by the same operation
of clutches and the brake as in the first aspect, which 1s
described in detail with reference to FIG. 7.

FIG. 7 1s a shifting operational chart for a power trans-
mission apparatus for a vehicle according to a fourth aspect,
and the power transmission apparatus for a vehicle accord-
ing to a fourth aspect performs shifting operation as follows.

FIG. 7 shows the same operational chart as FIG. 2, the
operational chart for the first aspect, which means that the
power transmission apparatus according to a fourth aspect

realizes the same shift-stages by operating the same engage-
ment elements as 1n the first aspect.

The brake BK 1s only operated 1n the forward eighth speed
FD8, both 1n the first and fourth aspects or forms.
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According to the first form, the brake BK 1s operated to
stop the first sun gear S1 and the first pinion carrier PC1 1s
also stopped by the second synchronizer. Thus the first
planetary gear set P(G1 1s integrally stopped, and thereby the
second ring gear R2 fixedly connected with the first ring gear
R1 acts as a fixed element.

According to the fourth aspect, the brake BK 1s operated
to stop the second intermediate shatt CS2. Therefore, since
the second ring gear R2 1s fixedly connected with the second
intermediate shait CS2 through the intermediate gear CG,
the second ring gear R2 1s also stopped and acts as a fixed
clement.

While the second ring gear R2 acts as a fixed element, the
torque of the engine ENG 1s input to the second planet
carrier PC2 of the second planetary gear set PG2 by the
operation of the third clutch CL3.

Then, in comparison to the rotation speed input to the
second planet carrier PC2, the second rning gear R2 1s
stationary and thus the second planetary gear set PG2
outputs a further increased speed than 1n the forward seventh
speed, thereby realizing the forward eighth speed FD8 and
outputting a shifted torque to the differential DIFF through
the second sun gear S2 and the output shaft OS.

As described above, a power transmission apparatus for a
vehicle according to a first aspect enables shift-stages of
nine forward speeds and one reverse speed by applying two
planetary gear sets and two synchronizers to a dual clutch
transmission, and accordingly multi-stages may be enabled
with simpler structure and reduced weight, thereby improv-
ing installability and fuel consumption.

A power transmission apparatus for a vehicle according to
second and third aspects further employs one motor/genera-
tor to the first aspect, and enables driving 1n an engine
driving mode, a parallel hybrid mode, and an electric vehicle
mode, thereby further improving fuel consumption.

It 1s to be understood that the present aspects are not
limited to the disclosed forms, but, on the contrary, are
intended to cover various modifications and equivalent
arrangements 1ncluded within the spirit and scope of the
appended claims.

DESCRIPTION OF SYMBOLS

BK: brake

CL1,CL2,CL3,CL4: first,
clutches

CS1, CS2: first and second intermediate shafts

CT: compound shifting section

FT1, F12: first and second preliminary shifting sections

EOS: engine output shaft (crankshafit)

1G1, 1G2: first and second input gear sets

IDG1, IDG2: first and second input drive gears

IPG1, IPG2: first and second input driven gears

IS1, 1S2, 1S3, first, second, and third mput shaits

OG: output gear

OS: output shaftt

TG1, TG2, TG3: first, second, and third shifting gear sets

TDG1, TDG2, TDGS3: first, second, and third shifting
drive gears

TPG1, TPG2, TPG3: first, second, and third shifting
driven gears

PG1, PG2: first and second planetary gear sets

SN1, SN2, SN3: first, second, and third synchronizers
TMS1, TMS2: first and second torque mediating shatts

second, third, and fourth
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What 1s claimed 1s:
1. A power transmission apparatus for a vehicle, compris-

ng:

a first input shaft for receiving an input torque;

16

4. The power transmission apparatus of claim 2, wherein:
a gear ratio of the first shufting gear set 1s used for a

forward first speed and a forward seventh speed; and
a gear ratio of the second shifting gear set 1s used for a

a second input shaft formed as a hollow shaft, coaxially > forward third speed and a forward fifth speed.
and exteriorly disposed with the first input shait with- 5. The power transmission apparatus of claim 1, wherein:
out rotational interference, and selectively connected the first planetary gear set of the second preliminary
with first input shait; shifting section comprises a first ring gear, a first planet
a third iput shaft formed as a hollow shaft, coaxially and carrier, and the first sun gear;
exteriorly disposed with the second input shait without " the first ring gear 1s fixedly connected with the second
rotational interference, and selectively connected with torque mediating shaft;
first input shafit; the first planet carrier 1s fixedly connected with the first
a first torque mediating shaft formed as a hollow shaft and torque mediating shaft;
coaxially and exteriorly disposed with the first mnput .. the first sun gear 1s selectively connected with the first
shaft without rotational interference; input shait and a transmission housing, respectively;
a second torque mediating shait formed as a hollow shatt the first torque mediating shatt 1s externally gear-meshed
and coaxially and exteriorly disposed with the first with the second planetary gear set;
torque mediating shait without rotational 1nterference; the second torque mediating shaft 1s selectively connected
first and second intermediate shaits and an output shait ¢ with the first torque mediating shaft; and

respectively disposed 1n parallel with the first input
shaft;

a lirst preliminary shifting section receiving a torque
through a first mput gear set externally gear-meshed
with the third mput shaft, selectively shifting the
received torque by gear ratios of first and second
shifting gear sets, and outputting the shifted torque;

a second preliminary shifting section including a first
planetary gear set having three rotation elements
including a first sun gear selectively connected with the
first input shaft, and outputting a torque among a
forward torque, a reverse torque, and a stationary
torque by operating the first planetary gear set; and

a compound shifting section including a second planetary
gear set having three rotation elements including a
second sun gear fixedly connected with the output
shaft, forming an output torque by a torque received
from the second mnput shaft through a second 1nput gear
set and torques received from the first and second
preliminary shifting sections, and outputting the output
torque through the output shatt.

2. The power transmission apparatus of claim 1, wherein:

the first input gear set comprises a first input drlve gear
and a first input driven gear, the first mput drive gear
being fixedly connected with the third input shatt, the
first input driven gear being {ixedly connected the first
intermediate shaft and externally gear-meshed with the
first input drive gear;

the first shifting gear set comprises a first shifting drive
gear and a first shifting driven gear, the first shifting
drive gear disposed coaxial with and exterior to the first
intermediate shaft without rotational interference, the
first shafting driven gear fixedly connected the second
intermediate shaft and externally gear-meshed with the
first shifting drive gear; and

the second shifting gear set comprises a second shifting
drive gear and a second shifting driven gear, the second
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the second torque mediating shaft 1s selectively connected
with the transmission housing.
6. The power transmission apparatus of claim 5, wherein

the second torque mediating shaft 1s selectively connected
with the first torque mediating shait and the transmission
housing via a second synchronizer.

7. The power transmission apparatus of claim 1, wherein:

the second planetary gear set of the compound shifting
section comprises a second ring gear, a second planet
carrier, and the second sun gear;

the second ring gear receives torques from the first and
second preliminary shifting sections through a third
shifting gear set;

the second planet carrier receives a torque from the
second input shaft through the second mput gear set;
and

the second sun gear 1s selectively connected with the
second ring gear and fixedly connected with the output
shaft so as to act as an output element.

8. The power transmission apparatus of claim 7, wherein:

the second mput gear set comprises a second mput drive
gear and a second input driven gear, the second input
drive gear fixedly connected with the second input
shaft, the second mput driven gear fixedly connected
with the second planet carrier and externally gear-
meshed with the second mput drive gear; and

the third shifting gear set comprises a third shifting drive
gear, an intermediate gear, and a third shifting driven
gear, the third shifting drive gear being fixedly mounted
on the first torque mediating shaft, the intermediate
gear being fixedly mounted on the second intermediate
shaft, the third shifting driven gear being fixedly
formed on the second ring gear and externally gear-
meshed with the third shifting drive gear and the
intermediate gear respectively.

9. The power transmission apparatus of claim 8, wherein

a gear ratio of the third shifting drive gear and the third
shifting driven gear 1s used for a forward second speed and
a forward sixth speed.
10. The power transmission apparatus of claim 1, further
comprising:
tour clutches each selectively connecting a corresponding,
pair of rotating members; and
a brake selectively connecting a rotating member to the
transmission housing.

shifting drive gear disposed coaxial with and exterior to
the first intermediate shaft without rotational interfer- 60
ence, the second shifting driven gear fixedly connected
the second intermediate shait and externally gear-
meshed with the second shifting drive gear.

3. The power transmission apparatus of claim 2, wherein
the first shifting drive gear and the second shifting drive gear 65
are selectively connected with the first intermediate shaft by
a first synchronizer.
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11. The power transmission apparatus of claim 10,
wherein

the four clutches comprise:

a first clutch arranged between the first input shait and the
third mput shatt;

a second clutch disposed between the first input shait and

the first sun gear of the first planetary gear set;
a third clutch arranged between the first input shaft and

the second input shaft; and

a fourth clutch disposed between a second ring gear and
the second sun gear of the second planetary gear set,
and

wherein the brake 1s disposed between the first sun gear

and the transmission housing.

12. The power transmission apparatus of claim 1, further
comprising a motor/generator coaxially coupled with the
first input shaftt, selectively connected with an engine output
shaft through an engine clutch, and selectively connected
with the second and third input shaits through respective
clutches.

13. The power transmission apparatus of claim 1, further
comprising;

a motor/generator disposed 1n parallel with the first input

shaft,

a motor drive gear receiving a torque from the motor/

generator,

a motor driven gear coaxially formed with the first input

shatft,

an 1dle gear externally gear-meshed with the motor drive

gear and the motor driven gear respectively,
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wherein the torque from the motor/generator 1s fixedly
delivered to the first input shaft through the motor drive
gear, the 1dle gear, and the motor driven gear.

14. The power transmission apparatus of claim 13,
wherein the motor driven gear 1s fixedly coupled with the
first input shaftt, selectively connected with an engine output
shaft through an engine clutch, and selectively connected
with the second and third mput shafts through respective
clutches.

15. The power transmission apparatus of claim 1, further
comprising;

four clutches each selectively connecting a corresponding,

pair of rotating members; and

a brake selectively connecting a shaft to the transmission

housing.

16. The power transmission apparatus of claim 15,
wherein

the four clutches comprise:

a first clutch arranged between the first input shaft and the

third iput shaft;

a second clutch disposed between the first input shaft and

the first sun gear of the first planetary gear set;

a third clutch arranged between the first mnput shaft and

the second input shaft; and

a fourth clutch disposed between the second ring gear and

the second sun gear of the second planetary gear set,
and

wherein the brake 1s disposed between the second inter-

mediate shaft and the transmission housing.
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